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Fern Ridge LakeFern Ridge Lake

•• Oldest Corps Dam in the Willamette BasinOldest Corps Dam in the Willamette Basin
–– Completed in 1942Completed in 1942
–– Raised in 1965Raised in 1965

•• Multipurpose Project; uses shared storageMultipurpose Project; uses shared storage
•• Current Authorized Uses:Current Authorized Uses:

–– Flood Control, Irrigation, Low Flow RegulationFlood Control, Irrigation, Low Flow Regulation
•• Regular Periodic InspectionsRegular Periodic Inspections –– drainagedrainage

problems notedproblems noted
•• Standard maintenance requirements (old)Standard maintenance requirements (old)



Fern Ridge LakeFern Ridge Lake

•• Dam Safety General IssuesDam Safety General Issues
–– Seismic DeficiencySeismic Deficiency
–– Hydrologic DeficiencyHydrologic Deficiency
–– Embankment Drain FailureEmbankment Drain Failure

•• Follow the Time Line of the FailureFollow the Time Line of the Failure
–– July 2002 to PresentJuly 2002 to Present

•• General information; hitting high pointsGeneral information; hitting high points



Fern Ridge LakeFern Ridge Lake

TheThe
WillametteWillamette
BasinBasin



Fern Ridge LakeFern Ridge Lake

•• Watershed (square miles)Watershed (square miles) 275275
•• Crest Elevation (ft)Crest Elevation (ft) 381.5381.5
•• Crest Length (ft)Crest Length (ft) 6,6106,610
•• Reservoir Pool (acreReservoir Pool (acre--ft)ft)

–– Max FC Pool Storage, EL 375.1Max FC Pool Storage, EL 375.1 111,400111,400
–– Max Conservation Storage, EL 373.5Max Conservation Storage, EL 373.5 97,30097,300
–– Inactive Storage, EL 353.0Inactive Storage, EL 353.0 2,8002,800

•• SpillwaySpillway
–– Six 34’ wide x 18’ high Tainter GatesSix 34’ wide x 18’ high Tainter Gates EL 358.5EL 358.5
–– Maximum Discharge (ftMaximum Discharge (ft33/s)/s) 47,20047,200

•• OutletOutlet
–– Four 6.75’ x 9.75’ Sliding GatesFour 6.75’ x 9.75’ Sliding Gates
–– One 3’ x 3’ Sluice GateOne 3’ x 3’ Sluice Gate
–– Design Discharge at Max FC Pool (ftDesign Discharge at Max FC Pool (ft33/s)/s) 8,4408,440



Fern Ridge Dam and ReservoirFern Ridge Dam and Reservoir

Outlet works

Embankment (w/Drain, 8” CMP)



Outlet WorksOutlet Works



Project OverviewProject Overview

Looking east alongLooking east along
upstream face ofupstream face of
spillway towardsspillway towards
right wing wallright wing wall



Project OverviewProject Overview

Tailrace fromTailrace from
right bridgeright bridge
abutmentabutment
(230 cfs)(230 cfs)



TypicalTypical OperationOperation

350

355

360

365

370

375

380

385
FERN RIDGE LAKE

Top of Dam
Max Pool
FC Rule Curve
Median Pool

P
oo

l E
le

va
tio

n 
(fe

et
, N

G
V

D
)

Water Year
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

368 - Boat Ramp

366 - Boat Ramp

364 - Boat Ramp

361 - Boat Ramp

Winter FC Conservation UseFC Drafting
Conservation

Filling

+ Lake Recreation
- Irrigation
- Water Quality D/S
- Evaporation & losses



July 2002July 2002 –– The StartThe Start

•• All had been well…All had been well…
•• Embankment DepressionEmbankment Depression

–– Spotted by Maintenance CrewSpotted by Maintenance Crew
–– First real indicationFirst real indication

•• No recent abnormalNo recent abnormal
flows or operationsflows or operations

7 Feet



July 2002July 2002
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FERN RIDGE LAKE

Operators observed a depression onOperators observed a depression on
the downstream face of the damthe downstream face of the dam



Calcification Inside DrainCalcification Inside Drain

•• Video InspectionVideo Inspection
RoverRover
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FERN RIDGE LAKE

February 2003February 2003 -- ConundrumConundrum

More depressions form on theMore depressions form on the
downstream face of the damdownstream face of the dam



Seeps & SinksSeeps & Sinks

•• Seep Flow = ½Seep Flow = ½
gallon per minutegallon per minute

10-13 Feet

February 2003February 2003



Drain SystemDrain System

Station 44
Station 20
Station 16

Foundation Drain &
11 Lateral Drains

Depressions
at Sta 16, 20,

and 44



May 2003May 2003
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FERN RIDGE LAKE

PrePre--emergency Declarationemergency Declaration & stepped up& stepped up
Monitoring ActivitiesMonitoring Activities



MonitoringMonitoring

•• June 2003June 2003 –– August 2004August 2004
–– Started gathering operational and hydrologicStarted gathering operational and hydrologic

informationinformation
–– Field investigation (drilling, sampling, lab work);Field investigation (drilling, sampling, lab work);

redoubled monitoring; sediment sampling; automationredoubled monitoring; sediment sampling; automation
of equipment completed sprinkler test, test pits; etc.of equipment completed sprinkler test, test pits; etc.

–– Looked for funding methods/supportLooked for funding methods/support

•• No big changes until AugustNo big changes until August
–– Dramatic increases in drainage discharge & sedimentDramatic increases in drainage discharge & sediment

accumulation in weir boxesaccumulation in weir boxes



Sediment accumulatedSediment accumulated
in Station 45+00 weirin Station 45+00 weir
boxbox

Debris collectedDebris collected
from Station 22+00from Station 22+00

August 2004August 2004



MonitoringMonitoring -- May 03…Aug 04May 03…Aug 04

PrePre--emergency Declarationemergency Declaration
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FERN RIDGE LAKE

Dramatic increase in seepage andDramatic increase in seepage and
sediments in collection boxessediments in collection boxes

Pool Restrictions ConsideredPool Restrictions Considered

Monitoring

Pool at ~371.5



NWP Proposed RestrictionNWP Proposed Restriction

•• In effect from 1 October to 1 MayIn effect from 1 October to 1 May
•• Maximum pool to be 371 ftMaximum pool to be 371 ft
•• Does Not Eliminate Possible Need for aDoes Not Eliminate Possible Need for a
RapidRapid Drawdown of the ReservoirDrawdown of the Reservoir

•• Small Risk of Additional Flooding (<5%)Small Risk of Additional Flooding (<5%)
•• Impacts to Deep Draft Recreational UsersImpacts to Deep Draft Recreational Users

(a shorter season)(a shorter season)
•• Numerous scenarios evaluatedNumerous scenarios evaluated
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DirectionDirection

•• September/October 2004September/October 2004
–– NWP / NWD / HQNWP / NWD / HQ
–– Dam Safety Assurance Study/FundingDam Safety Assurance Study/Funding
–– HydrologicHydrologic andand SeismicSeismic Design Deficiency andDesign Deficiency and

Embankment DrainEmbankment Drain RepairRepair
–– 3 to 5 years to complete3 to 5 years to complete

•• Advised a second opinion on conclusionsAdvised a second opinion on conclusions
–– Senior Review BoardSenior Review Board
–– December 2004December 2004



•• Review BoardReview Board
–– Francke Walberg (USACE Retired)Francke Walberg (USACE Retired)
–– Keith Ferguson (National Water ResourcesKeith Ferguson (National Water Resources

Program Director, Kleinfelder)Program Director, Kleinfelder)
–– James Talbot (Independent)James Talbot (Independent)

•• TasksTasks
–– Assess Condition of StructureAssess Condition of Structure
–– Recommendations for continued operationsRecommendations for continued operations
–– Methods for Temporary and PermanentMethods for Temporary and Permanent

RepairsRepairs

Senior Review BoardSenior Review Board



December 2004December 2004 -- Review BoardReview Board

•• ““Active state of failure by piping and/orActive state of failure by piping and/or
internal erosion”internal erosion”

•• 2020--30% Chance of failure during the next 530% Chance of failure during the next 5
yearsyears

•• Dam will steadily worsen without a repairDam will steadily worsen without a repair
even with operational restrictions in placeeven with operational restrictions in place

•• And…And…



Review BoardReview Board

�� Operation restrictions are requiredOperation restrictions are required
•• Maximum pool height should be reduced byMaximum pool height should be reduced by

13.5 feet to elevation 360 feet13.5 feet to elevation 360 feet

�� “District’s focus should be immediately“District’s focus should be immediately
shifted from investigations and evaluationshifted from investigations and evaluation
to development and implementation ofto development and implementation of
corrective actions.”corrective actions.”
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FERN RIDGE LAKE

December 2004December 2004

Second OpinionSecond Opinion –– Board ofBoard of
Experts set Pool Restriction!Experts set Pool Restriction!



Operation under RestrictionOperation under Restriction

•• Flood control storage reduced byFlood control storage reduced by ~9/10~9/10
•• Conservation storage reduced by over 4/5Conservation storage reduced by over 4/5

–– IrrigationIrrigation –– unknownunknown
–– Flow augmentationFlow augmentation –– unknownunknown

•• Lake depthsLake depths –– most recreational usemost recreational use
eliminatedeliminated

•• $$$ Cost? How many seasons?$$$ Cost? How many seasons?



January 2005January 2005 -- EvaluationsEvaluations

•• Jan 2005Jan 2005
•• Evaluated Numerous Project OptionsEvaluated Numerous Project Options

–– Impacts to project benefitsImpacts to project benefits

•• Flood ControlFlood Control
–– New flood control constraintsNew flood control constraints
–– Risk CalculationsRisk Calculations

•• IrrigationIrrigation
–– Period of Record Irrigation EvaluationsPeriod of Record Irrigation Evaluations
–– Negotiated possible voluntary restraintsNegotiated possible voluntary restraints

•• Public InputPublic Input



Project BenefitsProject Benefits

•• Flood Control Annual BenefitFlood Control Annual Benefit
–– $400M in damages prevented over life of project$400M in damages prevented over life of project
–– $80M in 1996 & Over $40M each in 1997 and 1999$80M in 1996 & Over $40M each in 1997 and 1999

•• Irrigation Annual BenefitIrrigation Annual Benefit
–– $1.5M to $2.9M for Agricultural Products$1.5M to $2.9M for Agricultural Products

•• Recreation Annual Benefit:Recreation Annual Benefit:
–– 600,000 Visitors per year600,000 Visitors per year
–– $5M in local benefits and $3.5M in indirect benefits$5M in local benefits and $3.5M in indirect benefits



IrrigationIrrigation
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February 2005February 2005 -- The DecisionThe Decision

•• Vertical TeamVertical Team
–– NWP; NWD; HQNWP; NWD; HQ
–– Unanimous decision to proceed withUnanimous decision to proceed with

embankment repairembankment repair

•• Design and Award doneDesign and Award done –– May 2005May 2005
•• Repair completeRepair complete –– October 2005October 2005



October 2005October 2005

NWPNWP--NWDNWD--HQ agree to proceedHQ agree to proceed
with embankment repairwith embankment repair
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FERN RIDGE LAKE

Repair Complete &Repair Complete &
Initial Filling TestInitial Filling Test



Ongoing EffortsOngoing Efforts



Ongoing EffortsOngoing Efforts



Ongoing EffortsOngoing Efforts



Questions?Questions?





2 Ft 0 in.

1 Ft. 6 in.

8 in. Diameter
Perforated Drain Pipe


